Background. Previous studies indicate a higher incidence of awareness during anaesthesia in children than in adults, that is, around 1% vs 0.2%. In this prospective cohort study, we determined the incidence of intraoperative awareness in children undergoing elective or emergency surgery at a university children's hospital.
Intraoperative awareness refers to a patient's explicit recall of events during a procedure performed under general anaesthesia. Awareness is well described in adults, with an incidence in the order of 0.1-0.2% for low-risk surgical procedures. 1 2 Being conscious during surgery is a traumatic event that may result in developing chronic posttraumatic stress disorder. 3 Until recently, the incidence and aetiology of awareness in children had not been studied extensively. Two cohort studies in Australia and Switzerland in 864 and 410 children, respectively, reported an incidence of awareness of around 1%, which is considerably higher than in adults. 4 5 Two recent cases of awareness in our institution 6 triggered a systematic approach to evaluate whether awareness is a problem in paediatric anaesthesia. As incidences of awareness may depend on an institution's anaesthetic practice and patient population, the aim of this prospective study was to investigate the incidence of intraoperative awareness in children in our hospital and to determine possible causes. Our hypothesis was that the incidence of awareness in our hospital would be similar to those reported in recent studies on awareness in children.
were secondarily excluded if they were too sleepy or too nauseous to be interviewed. Inclusion was not done until after the operation so as to prevent the influence of knowing one is participating in a study on awareness. Furthermore, preanaesthetic patient inclusion could have an impact on anaesthesia management, seeing that the anaesthetist might tend to prevent episodes of intraoperative awareness as best of possible. The anaesthesia department nevertheless had been formally informed of the study. The anaesthesia technique during the study was entirely at the discretion of the attending anaesthetist. For all patients, anaesthesia was induced in an induction room, after which they were transferred to the operation theatre.
Children were interviewed by purpose-trained interviewers, using an adapted interview from Brice and colleagues 7 (Appendix 1). Children in day care were interviewed before discharge, hospitalized children were interviewed within the first 24 h after operation. Parents were present during the interview, but were asked not to influence the child's response. Follow-up interviews were held by phone call 3 -7 days later and at 30 days after the operation. On these interviews, we first asked the parents whether they had seen any changes in the child's general behaviour.
Awareness was defined as the ability of patients to recall events happening between the induction of anaesthesia and return of consciousness. When awareness was suspected from the first interview, the principal investigator (H.J.B.O.-A.) talked with the child to obtain more details. If the first evidence of potential awareness emerged during the second or third interview, the principal investigator next interviewed the child by phone.
Interview
The questionnaire consisted of hierarchically organized questions. The first questions were open-ended, nonleading questions about events in the induction room and last memories before falling asleep. If a child could not respond to an open question, it was asked a concrete question. For example, 'Who was with you before you fell asleep?', 'Did the doctor put something on your arm or face to put you to sleep?', and 'What did the doctor put on your arm or face?'. The next questions were on first memories after surgery. Again, concrete questions were asked if the child could not respond to an open question. For example, 'Where did you wake up after surgery?', 'Were you alone or was someone with you when you woke up', and 'Who was with you when you woke up?'. Finally, direct questions were asked on recall of events during the operation.
If the child replied 'yes' to 'Did you feel anything during the operation', or 'Did you hear anything during the operation', (s)he was first asked to describe memories of the events in more detail. The principal investigator asked the child the awareness-specific questions originally described by Moerman and colleagues 8 (Appendix 1). These specific questions were not administered to children who had replied 'no' to the two questions on recall. At the end of the first interview, all children were asked whether they had recalled events during previous operations.
Every child with suspected awareness was offered referral for counselling or psychological support.
For every case of suspected awareness, a report was made with the child's age and sex, details of the operation, and memories described in the child's own words. After the end of the study, all reports were sent to four experienced paediatric anaesthetists in different university hospitals in the Netherlands. These adjudicators independently rated the cases as 'awareness', 'possible awareness', or 'no awareness'. If all four adjudicators rated a case as 'awareness', then it was defined as a 'true awareness' case. If at least one adjudicator classified the case as awareness, the case was defined as a 'possible awareness' case.
Data collection included basic patient characteristics data (age, sex, ASA physical status, type of surgery, and admission), details of induction and maintenance of anaesthesia, use of sedative premedication, use of tracheal intubation or laryngeal mask, use of neuromuscular blocker, caudal or epidural block, locoregional techniques, and length of anaesthesia.
Data are presented in descriptive form. The small number of true awareness cases precluded comparative analysis with the non-awareness group.
Results
One thousand and fifteen children were approached for participation in the study, of whom 36 (3.5%) refused informed consent. Fifty-one children (5%) were too sleepy or nauseous to be interviewed and were secondarily excluded from the study. The remaining 928 children all were interviewed after the operation. Seven hundred and thirty-five (80%) children were interviewed at 3 -7 days and 733 (79%) at 30 days after surgery. The dropout was caused by failure to reach the children, parents, or both, or by refusal to be interviewed again. Types of surgical procedures are shown in Table 1 . Experiences of 26 children (11 boys and 15 girls) were identified as 'suspected awareness'. The four adjudicators rated six of these cases as 'true awareness' ( Table 2 , Cases 1 -6), resulting in an incidence of true awareness of 0.6% (95% confidence interval 0.03 -1.40%). Eight cases (0.8%) were classified as 'possible awareness' ( Table 2 , Cases 7 -14). The overall incidence of true and possible awareness combined was 1.5% (95% confidence interval 0.90 -2.50%). The patients' experiences of true and possible awareness are listed in Table 2 . The 12 cases classified as 'no awareness' concerned children with auditory memories of events that could have occurred in the induction room before anaesthesia was fully induced, or in the recovery room.
Five of the six true awareness cases were identified at the first interview, one at the second interview. In one true awareness case (Case 2), the child panicked and spontaneously reported his awareness experience to the medical staff. One child with possible awareness (Case 11) first reported awareness to her mother.
Most awareness experiences were tactile or auditory (Table 3) . Two children with true awareness reported mild and severe pain during surgery, respectively. The patient characteristics with true and possible awareness and details of the anaesthesia are listed in Table 4 .
Patient characteristics and anaesthetic details of the six true awareness cases were compared with those of the nonawareness population (Table 5) . Relatively more children in the first group received neuromuscular blockers: 67% vs 44% in the non-awareness group. As indicated in the Methods section, the small number of true awareness cases does not allow for statistical comparisons. Thirty-three per cent of children in the true awareness group reported dreaming during anaesthesia vs 9% of the children with no awareness.
Three hundred and sixty-seven children from the nonawareness group had previously undergone general anaesthesia. Ten of these (2.7%), six boys and four girls, reported they had experienced awareness at the time. One 13-yr-old girl reported awareness and a near-death experience 5 yr earlier during two different operations. As reported by his mother, one boy (Case 3) in the true awareness group had sleeping problems and nightmares for 2 weeks, which had resolved at the time of the final interview. None of the families requested psychological referral.
Discussion
Demonstrating a 0.6% incidence of intraoperative awareness in children in our hospital, our study confirms recent reported incidences from other countries. The incidence in children appears to be higher than that reported in adults (0.1 -0.2%). 1 2 There are several similarities between our data and recent paediatric studies. 4 5 First, the incidences of awareness are comparable. Secondly, auditory and tactile sensations were most frequently recalled, more than pain, anxiety, and paralysis. Thirdly, in general, awareness was not experienced as stressful. The results from our study therefore add to the validity of the previously reported findings. Intraoperative awareness during paediatric anaesthesia appears to be a complication that occurs at an estimated incidence of around 1%, irrespective of geographic location, institution, or anaesthetic practices.
The estimate of the incidence of awareness in our hospital is relatively conservative, based on cases of 'true' awareness only. Including the cases of possible awareness would have raised the incidence to 1.5% (14 out of 928 children). Alternatively, applying the criteria used by Lopez and colleagues 5 (unanimous coding of 'awareness' or two adjudicators coding 'awareness' and the third 'possible awareness') would have resulted in a 1.2% incidence (11 out of 928 children). The paediatric studies which have assessed awareness vary in number of patients, number and type of interviews, and the definition of awareness (Table 6 ). Davidson and colleagues administered a structured postoperative interview to 864 children aged 5 -12 yr within 24 h, and at 3 and 30 days after surgery. Cases were classified as awareness when all four adjudicators agreed on this. Thus, seven cases were classified as awareness, giving an incidence of 0.8%. 4 Lopez and colleagues administered two interviews adapted to children's cognitive abilities in 410 patients aged 6 -16 yr, respectively, within 24 h and at 1 month after surgery. Awareness was defined as the coding of 'awareness' by three adjudicators or when two adjudicators coded them as 'awareness' and the third adjudicator as 'possible awareness'. This resulted in an incidence of awareness of 1.2%. 5 Older studies have reported incidences between 0% and 5%. 9 -11 Comparison with these studies is rather futile, however, as anaesthesia was by the now abandoned so-called Liverpool technique (nitrous oxide, a neuromuscular blocker, and no volatile or continuous i.v. anaesthetic). Furthermore, samples in these studies were small, and the children were interviewed only once. 10 11 To facilitate comparisons between previous studies and to permit replication of the results, we basically applied the same study design as Davidson and colleagues. 4 We deviated from this design in that we administered the follow-up interviews ourselves, whereas in the Davidson study, parents conducted these follow-up interviews. Awareness during paediatric anaesthesia
Our results indicate that children may not report awareness experiences spontaneously, as only one out of six children later identified as having experienced true awareness reported this to the medical staff upon recovery. A post-anaesthetic visit could therefore be helpful. As children often fail to distinguish between the different perioperative periods, the use of a semi-structured interview such as in our study is recommended (Appendix).
Several possible risk factors for awareness have been suggested. Studies in adults pointed at neuromuscular blocking agents as a risk factor. 1 In the present study, four of the six children who experienced true awareness received neuromuscular blocking agents, vs 401 of the 922. Noteworthily, these four children did not report paralysis. A larger multicentre study is needed to explore whether neuromuscular blocking agents are indeed a risk factor for awareness in children. All in all, we failed to identify specific risk factors for the occurrence of awareness in our study population.
In an editorial, Davis 12 suggested that the use of induction rooms may increase the incidence of awareness in children because administration of anaesthetics is discontinued during transfer to the operation theatre. Interestingly, the incidence reported by Lopez and colleagues, 5 who did not use induction rooms, is higher than that found in our study and that reported by Davidson and colleagues, 4 both using induction rooms. In adult studies, too, the use of induction rooms does not seem to influence the incidence of awareness. 2 13 Although no formal post-hospitalization behaviour follow-up was applied and the number of awareness cases was small, the children who reported awareness in our study did in general not seem to be traumatized by this experience. Likewise, previous studies reported that the children in their studies did not seem to be upset about their experiences. 4 5 One prospective follow-up study in children found no evidence for post-traumatic stress disorder 1 yr after the event. 13 Nevertheless, some children may be at risk for developing post-traumatic stress disorder, as a case series of adults with post-traumatic stress disorder included patients who had experienced awareness as a child. 3 Although the children in our study seemed in general not to be distressed, some observations are worth mentioning. One child (Case 7) reported nightmares, which, however, resolved after 30 days. Another patient (Case 2) was in great distress after his awareness Remarkably, none of these children was afraid to undergo anaesthesia again. A planned follow-up study in our institution will explore the long-term consequences of awareness. The diagnosis of awareness relies on the patient's postoperative self-report, which especially in children may be subjective and unreliable. The present guidelines on detecting and verifying awareness do not always lead to identification of true awareness. Two studies used the isolated forearm technique to detect wakefulness during anaesthesia in children. 14 15 Byers and Muir 15 found that eight of 41 children aged 5 -16 yr responded to a command during surgery using the isolated forearm technique without explicit recall. Recently, others replicated this study in 184 children aged 5 -18 yr. Two children made verified responses to command on the isolated forearm technique, resulting in an incidence of intraoperative wakefulness of 1.1%. Still, explicit memory formation was not demonstrated.
14 These findings seem to indicate that there is no association between intraoperative wakefulness and postoperative awareness in children.
The children in our study were mostly ASA I or II patients undergoing elective surgery. As previous research in adults has demonstrated an increased risk of awareness in severely ill patients (ASA physical status III -V) undergoing major surgery, 2 this may have led to underestimation of the incidence. Furthermore, we may have missed potential cases of awareness in patients who could not complete the three interviews and the 36 children (3.5%) who refused to participate in the study. Theoretically, any or all of these children could have had awareness, so there may be a detection bias.
In summary, six out of 928 children (0.6%) undergoing general anaesthesia in our hospital had postoperative recall of intraoperative events. A relatively high proportion of these six children received neuromuscular blocking agents. Children with awareness did not seem to be traumatized by the experience on the short term. A 2 yr follow-up study will explore possible effects on the longer term. The large number of paediatric patients given general anaesthesia may generate many cases of awareness in the years to come. There is every reason to direct efforts at identifying risk factors for awareness in children and its possible long-term consequences.
